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Introduction 
INTRODUCTION  
Between 5th and 8th September 2018 the tenth edition of the INPUT conference took place in Viterbo, 
guests of the beautiful setting of the University of Tuscia and its DAFNE Department. 
INPUT is managed by an informal group of Italian academic researchers working in many fields related to 
the exploitation of informatics in planning.  
This Tenth Edition pursed multiple objectives with a holistic, boundary-less character, to face the complexity 
of today socio-ecological systems following a systemic approach aimed to problem solving. In particular, the 
Conference will aim to present the state of art of modeling approaches employed in urban and territorial 
planning in national and international contexts.  
Moreover, the conference has hosted a Geodesign workshop, by Carl Steinitz (Harvard Graduate School of 
Design) and Hrishi Ballal (on skype), Tess Canfield, Michele Campagna. 
Finally, on the last day of the conference, took place the QGIS hackfest, in which over 20 free software 
developers from all over Italy discussed the latest news and updates from the QGIS network. 
The acronym INPUT was born as INformatics for Urban and Regional Planning. In the transition to graphics, 
unintentionally, the first term was transformed into “Innovation”, with a fine example of serendipity, in 
which a small mistake turns into something new and intriguing. The opportunity is taken to propose to the 
organizers and the scientific committee of the next appointment to formalize this change of the acronym. 
This 10th edition was focused on Environmental and Territorial Modeling for planning and design. It has 
been considered a fundamental theme, especially in relation to the issue of environmental sustainability, 
which requires a rigorous and in-depth analysis of processes, a theme which can be satisfied by the 
territorial information systems and, above all, by modeling simulation of processes. 
In this topic, models are useful with the managerial approach, to highlight the many aspects of complex city 
and landscape systems. In consequence, their use must be deeply critical, not for rigid forecasts, but as an 
aid to the management decisions of complex systems. 
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ABSTRACT
Coastal cities represent the main vulnerable areas to the climate change impacts (especially to 
coastal ﬂ ooding) because of the high concentration of people and economic assets that will are 
foreseen to increase in 2100. Since cities are important sites of global climate actions, urban 
planning plays a key role in the climate change challenge. In particular, the deﬁ nition of urban 
adaptation strategies requires the adoption of a systemic approach. Through such an approach, 
indeed, it is possible to consider in a holistic way all elements, which affect the urban resilience 
of coastal areas to climate events, such as coastal ﬂ ooding. However, the literature review 
and the analysis of urban planning experiences have shown that procedures for assessing the 
resilience level of coastal cities and tools for addressing decision-makers to implement resilient 
policies and actions in these areas are not well established. Therefore, the aim of this work is 
the introduction of a methodology based on a systemic approach for providing urban planning 
actions in order to improve the resilience of more exposed urban areas to coastal ﬂ ooding. The 
proposed methodology takes into account the need to be implemented in a GIS environment to 
a case study. Moreover, it can be a useful tool for supporting the deﬁ nition of urban adaptation 
strategies in relation to coastal ﬂ ooding impacts.
KEYWORDS
Climate Change; Coastal Cities; Systemic Approach; Adaptation; Coastal Flooding
Gargiulo, C., Battarra, R. & Tremiterra, M.R. (2018). Climate change and coastal cities. A GIS-based methodology 
for facing sea-level rise.
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1 INTRODUCTION  
Climate change represents one of the main future challenges at the urban level and cities are still facing its 
impacts. In this perspective, urban areas are recognized as vulnerable places but they also lead the climate 
action both at the global and local level. Therefore, spatial planning plays a key role in tackling climate 
change within the wider sustainable development perspective (Papa et al., 2015; Salata & Yiannakou, 2016).   
Considering the worst Representative Concentration Pathway (RCP) by the International Panel for Climate 
Change (IPCC), for 2010 the mean global temperature could pass 1.5°C, involving several effects such as 
variability in intensity and frequency of rainfall and sea level rise, among others. In particular, in accordance 
with the IPCC scenarios sea level could raise in a range between 0.26-0.55 m (for the low emissions RCP 2.6 
scenario) and 0.52-0.98 m (for the highest emission RCP 8.5 scenario) (Stocker et al., 2013). Therefore, 
coastal cities can be considered the most vulnerable urban areas: on one hand, coastal cities are 
characterized by high concentration of people and economic assets; on the other hand, these areas are 
potentially exposed to all the impacts of climate change, including coastal flooding. Indeed, future coastal 
flooding events will become more frequent and severe due to both the sea-level rise phenomenon and storm 
surges. As highlighted by the European Commission (2013), damage costs are estimated at about €25 billion 
annually if adaptation will be not implemented in coastal areas.  
In light of the above considerations, it appears increasingly clear that it is necessary to adapt coastal cities 
to make them more resilient to future flooding and guarantee a good quality of life and livability in the 
coastal urban communities. However, those cities are complex also due to the intersection of two different 
environmental contexts, land and sea. This complexity requires the adoption of a holistic approach, which 
considers all the factors of a coastal response to the flooding stimuli.  
Currently, urban studies on adaptation of coastal cities are still few and mainly based on the vulnerability 
assessment. Such approach can have several limitations in relation to the definition of effective urban 
measures because of its sectorial nature. Indeed, it considers some specific aspects of the urban system 
(mainly, geo-morphological and social ones) and does not include other important characteristics, including 
the distribution of the urban activities or the urban layout.  
However, the introduction of a resilience-based approach is becoming more common in urban planning and 
it seems to be more in line with the need to adopt a holistic approach in the challenge of climate change (De 
Gregorio Hurtado et al., 2015). Unfortunately, the spread of “resilience” definitions in literature represents a 
relevant limitation for its effective application, especially, in the development of tools for supporting the 
decision-making process of urban adaptation, particularly in complex urban contexts such as coastal cities. 
In detail, the vulnerability assessments and the definition of urban adaptation actions still represents two 
separate phases of the urban adaptation process, while their integration can represent an effective support 
in the definition of urban strategies in order to improve the whole urban resilience. 
In the light of this, this paper illustrates a methodology for support decision-makers in the definition of 
urban transformations able to improve the resilience of the urban coastal system in case of coastal flooding 
events through the adoption of a systemic approach.  
This contribution is composed of two parts. The former provides a review about the main studies on the 
topic and the main actions defined in adaptation strategies of coastal cities. Grounding on this, the latter 
describes the developed methodology and illustrates the preliminary results obtained by its application. 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
ClimateChangeandCoastalCities.Amethodologyforfacingcoastalflooding
117



2 STATE OF THE ART  
In the last ten years, several studies have been developed for analyzing the relationships between cities and 
climate change impacts. In particular, urban studies gave a particular attention to analyze the relationships 
between urban areas and some specific climate change impacts due mostly to the increase in global mean 
temperature and the variability of precipitation pattern.  
Urban studies on sea-level rise (in general, coastal flooding) and its urban impacts, instead, are few. Indeed, 
although coastal cities play a strategic role at the territorial level (Nicholls et al., 2018) and represent the 
most exposed urban areas to the effects of climate change, scientific studies about these areas are mainly 
sectorial and consider coastal flooding impacts from a geomorphological and/or socio-economic perspective.  
In particular, from the analysis of the scientific literature, it emerged that the main studies on this topic 
concern the coastal vulnerability assessment based on the development of composite vulnerability indices.  
Even if these indexes have a similar denomination, they take into account different aspects of coastal 
vulnerability.  
According to Zanetti et al. (2016), it is possible to identify three different approaches to the vulnerability 
concept for the construction of composite indices in relation to the used variables that are: 
î the geophysical approach, which is focused on geographical characteristics of the coastal area; 
î the social approach, which is based on the socio-economic characteristics of the coastal community; 
î the socio-environmental approach, which summarizes characteristics of geophysical and social 
approches. 
 
VULNERABILITY 
APPROACH 
INDEX NAME AUTHORS SCALE 
Geo-physical 
Coastal Vulnerability Index (CVI) Gornitz et al., 1991 Regional 
Sensitivity Index (SI) Shaw et al., 1998 Regional 
Coastal Vulnerability Index (CVI) Thieler & Hammar-Klose, 1999 Regional 
Coastal Sensitivity Index (CSI) Karymbalis et al., 2012 Regional 
Social Social Vulnerability Index (SoVI) Cutter et al., 2003 Regional 
 
N.A. Wu et al., 2002 Regional 
Place Vulnerability Index (PVI) Boruff et al., 2005 Regional 
N.A. Li & Li, 2011 Regional 
Coastal City Flood Vulenrability 
Index (CFFVI) Balica et al., 2012 Urban 
Socio-Environmental Vulnerability 
Index for a Coastal Areas (SEVICA) Zanetti et al., 2016 Local 
Tab. 1 Vulnerability Indices in relation to coastal flooding 
 
As shown in Table 1, the concept of coastal vulnerability, initially based on the evaluation of geophysical 
characteristics, progressively has integrated the socio-economic characteristics. Indeed, some studies (e.g., 
Cutter et al., 2003) highlight the relevance of social factors in relation to the vulnerability of urban areas, 
such as the measure of the ability of communities to respond during an extreme climate event. Such ability 
also depends by the maintenance state of built environment.   
According to Balica et al. (2012), the choice of the variables is strictly influenced by data availability and 
spatial scale of reference (McLaughlin & Cooper, 2011). Indeed, the majority of vulnerability indices were 
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developed for a regional level (see Tab. 1), while vulnerability indices for the local level are few (i.e. Zanetti 
et al. 2016). In general, the evaluation of vulnerability at local level can contribute more effectively in the 
definition of urban adaptation actions in coastal areas in comparison with the indices developed to be used 
at the regional scale.  
Moreover, since indices have been developed for measuring the vulnerability of coastal areas, most of them 
are not able to support directly decision-makers in the definition of the urban adaptation actions for 
improving the responsive capacity of an urban area to a flooding event. Hence, in order to understand which 
urban adaptation actions could be implemented in coastal cities exposed to flooding impacts, five urban 
adaptation plans were analyzed (Tab. 2). They were chosen considering their innovation and the strategies 
adopted after a catastrophic event (e.g. New Orleans and New York) and the plans adopted to prevent likely 
extreme events, in particular coastal flooding.  
 
CONTINENT CASE STUDY ADAPTATION PLAN/STRATEGY YEAR 
America 
Boston Climate Ready Boston 2016 
New Orleans Greater New Orleans Urban Water Plan 2013 
New York One New York. The Plan for a Strong and Just City 2015 
San Francisco San Francisco Sea Level Rise Action Plan 2016 
Europe 
Copenaghen Copenhagen Climate Adaptation Plan 2011 
Rotterdam Rotterdam Climate Change Adaptation Strategy 2013 
Tab.2 The analysed adaptation strategies 
 
Based on possible forecasts, adaptation plans/strategies provide a series of urban adaptation actions in 
order to develop specific measures at the local level. In general, from the analysis of these plans and 
strategies, it is possible to identify three categories of adaptation actions in relation to the spatial level of 
reference. It is possible to distinguish: 
î Punctual actions, which include all the actions referred to the building scale; 
î Linear actions, which refer to infrastructure interventions; 
î Land actions, which are related to the new urban developments or urban redevelopments.  
In particular, there is a wide spread of Punctual and Linear actions even if Land actions are characterized by 
a more complexity of interventions. However, all the categories include actions that are related to integrate 
natural elements (Natural-Based Solutions) in the built environment in order to increase urban resilience 
(Pelorosso et al., 2018). 
Finally, the analysis of the indices developed and the urban adaptation plans and strategies shows that tools 
are not still capable to address urban transformations in coastal urban settlements in relation to the impacts 
of coastal flooding. One of the reasons of this gap is due to the wide use of a vulnerability-based approach 
to face such issue and, consequently, the adoption of a sectorial approach mainly referred to social and 
geomorphological features, while urban planning requires a more holistic approach for developing effective 
urban transformations (Papa et al., 2014). 
3 DEFINITION OF A METHODOLOGY BASED ON THE SYSTEMIC APPROACH  
The methodology was developed according to the General System Theory (von Bertalanffy, 1969) that has 
been widely applied to the analysis of urban phenomena (Gargiulo & Papa, 1993). According to this 
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approach, a coastal city can be interpreted as a system that is composed of four sub-systems: socio-
economic, physical, functional and geomorphological.  
Based on this approach, the methodology was articulated into three phases: 
î classification of urban coastal areas in relation to their physical and functional features; 
î definition of a new composite index for measuring the urban resilience of urban coastal areas; 
î definition of a set of urban adaptation actions. 
Furthermore, such methodology was set up considering the opportunity to implement it using Geographic 
Information Systems (GIS). From an urban planning perspective, indeed, GIS can effectively support the 
decision permits to manage, analyze, process and synthetize spatial data in order to support effectively the 
decision-making process (Huxhold, 1991).  
3.1 CLASSIFICATION OF THE URBAN COASTAL AREAS IN URBAN TYPOLOGIES  
In general, a classification of urban area typologies represents a key aspect for a better evaluation of the 
urban transformations that should be implemented (Gargiulo, 2014). 
Usually, scientific studies on this topic distinguish coastal areas in relation to the land use (e.g. McGranahan 
et al., 2005), while a classification based on functional and physical features of coastal areas is mainly 
considered in terms of the basic urban/rural dichotomy. However, this classification is not useful for 
understanding which interventions are possible to implement at the local level in order to increase their 
resilience. 
Hence, both in relation to the literature review and the analysis of the urban adaptation plans, a new 
classification was defined. The classes of urban coastal areas refer both to their physical and functional 
characteristics. In particular, the Urban Coastal Units represent classes of urban coastal areas that are 
homogenous in relation to their physical and functional features. In relation to these, coastal cities can be 
articulated into six urban coastal typologies that are:  
î Compact Urban Areas: urban areas characterized by high population density, high dense urban fabric, 
and a high functional stratification (e.g. historic centers and consolidated urban areas); 
î Monofunctional and Facility Urban Areas: urban areas characterized by a highly specialized function and 
a specific physical configuration (e.g. industrial and commercial areas, airports, station); 
î Residential Areas: residential areas characterized by medium and low population density (e.g. sub-
urban areas);  
î Tourist Facility Areas: urban areas characterized by a variable population density and by the presence 
of several accommodation facilities and activities related to tourism; 
î Potential Redevelopment Areas: urban areas abandoned that can potentially be planned for 
redevelopment (e.g. brownfield sites); 
î Natural Coastal Areas: coastal areas not urbanized and characterized by the presence of coastal 
ecosystems (e.g. wetlands).   
In order to articulate an urban coastal area in these categories, a set of five indicators was defined. These 
indicators refer to the land use and the land-use intensity of a coastal area. In relation to the land use, the 
Urban Atlas classification was taken into account. In particular, the 20 Urban Atlas’ classes were reduced 
into four land-use classes.  
In relation to the land-use intensity, the indicators are: 
î Population Density: it is measured as the number of inhabitants per square kilometer; 
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î Job-Housing Ratio (or Employment to Housing Ratio): it is measured as the number of employees and 
the number of inhabitants in the area;  
î Tourism Employment: it is measured as the percentage of workers in the tourism industry in relation to 
the total number of workers in the area; 
î Tourist Capacity: it is measured as the ratio of the total number of accommodation beds and the total 
of inhabitants in the area. 
In order to articulate coastal cities in these six urban typologies, a benchmark value has to be set for each 
land-use intensity indicators. After mapping these indicators, through the combination of the five maps, it is 
possible to obtain a classification of coastal cities according to the six urban coastal typologies as described 
above. 
3.2 DEVELOPMENT OF A NEW INDEX FOR MEASURING THE URBAN COASTAL RESILIENCE 
The literature review highlighted that there is a widespread use of coastal vulnerability indices. From an 
urban planning perspective, these indices do not take into account how the urban layout of coastal areas 
and their functional organization may affect their coastal vulnerability. Furthermore, these indices are based 
on the critical aspects of these areas and do not take into account those characteristics of the coastal urban 
system that may improve its response capacity during a coastal flooding event. Therefore, a new composite 
index was developed. Such index measures the “urban coastal resilience” that is the capacity of an urban 
coastal system to reach and maintain an acceptable level of functioning and structure during a coastal 
flooding. In this perspective, this index can be used in  urban planning for a better definition of the 
prevention and preparation stages (Etinay et al., 2018, van Dongeren et al., 2018) in order to reduce the 
impacts of coastal flooding on urban areas.  
Considering the literature review and the adaptation strategies’ analysis, twelve characteristics and their 
relative variables were identified. According to the systemic approach described above, those characteristics 
were articulated into four categories (Tab. 3).  
 
CATEGORY CHARACTERISTIC  CATEGORY CHARACTERISTIC 
Socio-economic 
Education  Functional Transport network  
Age   Ground floor uses 
Employment  Public facilities 
Physical 
Imperviousness degree  Geo-
morphological 
Slope  
Building typology  Water body  
Conservation of buildings  Distance from coastline 
Tab. 3 Index’s characteristics 
 
Concerning the weighting method for developing the index, a multi-attribute decision-making methods 
developed by Thomas Saaty (1987) was used, namely the Analytic Hierarchy Process (AHP) . About the 
choice of the aggregation method, the new index was developed as a linear aggregation of variables 
calculating the weights for each variable by means of the AHP technique.  
However, in order to use the AHP and considering the lack of information in literature about the relationships 
among the selected indicators’, a Delphi survey was necessary. Indeed, the Delphi study is used when “there 
is incomplete knowledge about a problem or phenomenon“. The Delphi study was carried out on an 
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international panel of 135 experts, composed of academics and researchers of the topic, professionals and 
technical experts working in public administration with experience on the issue of coastal flooding. After 
collecting the experts’ opinions, thanks to the AHP, it was possible to calculate the weights of each 
characteristic. In particular, to date, the opinions expressed by the experts highlight that the main 
importance is played by the geo-morphological characteristics (about 34%), while socio-economic ones have 
less influence on the urban resilience of a coastal area (18%). 
Finally, the index measures four urban coastal resilience’s levels, articulated as high, medium-high, medium-
low and low. 
3.3 DEFINITION OF THE URBAN ADAPTATION CLASSES 
Adaptation of urban coastal areas represents a need for coastal communities in order to reduce their 
vulnerability to coastal flooding impacts and, at the same time, it can be an opportunity for increasing the 
quality of life in those areas. The possible adaptation approaches for coastal communities are mainly three 
(Nicholls et al., 2007): 
î Accommodation: it considers modifications to the urban layout and organization in relation to the 
flooding exposure; 
î Protection: it includes the placement of natural (soft measures) or infrastructural (hard measures) 
barriers in an exposed area in order to reduce the impacts of flooding events;  
î Retreat: it concerns the delocalization of activities and communities from high-risk areas to low-risk 
areas. 
Although the differences among these three approaches, it is possible to articulate urban transformations 
referred to them according to systemic approach. Therefore, urban adaptation actions can be expressed by 
the concepts of (i) land use, (ii) land-use intensity, and (iii) urban form. 
Land use expresses the relationships between the urban activities localized in an area and the adapted 
urban space (Gargiulo, 2009). Land-use intensity indicates the amount and degree of urbanization of an area 
(Wellmann et al., 2018) in relation to its main urban function. Urban form refers to the urban physical 
characteristics that include housing type, street type, etc.  
In relation to these three urban factors, four classes of urban adaptation actions were defined:  
î Maintain the land use (1); 
î Reduce the land-use intensity and maintain the urban form (2); 
î Reduce the land-use intensity and change the urban form (3); 
î Change the land use (4). 
Each of these classes is linked to a specific adaptation approach. In particular, (1) and (2) are referred to 
the Accommodation approach, while (3) and (4) are respectively referred to the Protection and the Retreat 
approach. In relation to the resilience levels measured by the index described above, the range of the urban 
adaptation actions is inversely proportional to the urban coastal resilience level: if the resilience level is high, 
the urban transformations will be poor (e.g. A.1); otherwise, if resilience level is low, the urban 
transformations will be more significant (e.g. R.4). 
4 CONCLUSION  
This paper illustrates a methodology developed for supporting decision-makers in the definition of effective 
urban transformations that are able to reduce the impacts due to coastal flooding on urban areas. As 
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emerged from the literature review and the analysis of the adaptation plans, the difficulty to define spatial 
planning tools for supporting decision-makers in the definition of effective urban transformations of urban 
coastal areas depends from the use of approach based mainly on the vulnerability concept that considers 
specific urban aspects, in particular social and geo-morphological ones. Instead, the urban coastal 
adaptation is a complex issue that requires an approach that considers the complexity of urban coastal 
systems.   
In this perspective, the methodology described in this paper was developed adopting a systemic approach. 
This approach permits not only to consider the complexity of relationships between coastal cities and coastal 
flooding impacts but also to overcome the current limitations of the scientific debate. In particular, due to 
the sectorial approach adopted for the coastal vulnerability assessment, there is still a gap between the 
measurement of the ability of the coastal system to respond to flooding stimuli (resilience) and the definition 
of effective urban adaptation actions to reduce the impacts of coastal flooding. The use of the systemic 
approach, instead, provides more guarantees to fill this gap and support better decision-makers in the 
management of the future urban transformations along the coastline. Furthermore, in relation to these 
aspects, such methodology was developed considering its application in GIS environments in order to 
support more effectively the decision-making process.  
In this perspective, future developments of this work will concern the GIS implementation and the 
application of such methodology to a case study. In particular, it will be necessary to define an operative 
framework for the development of the methodology in the GIS environment. Hence, through the analysis of 
the case study’s application, it will be possible to not only assess the correctness of the methodology but 
also consider the opportunity to develop a new operative GIS-based tool for supporting more effectively 
decision-maker process. 
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